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El This is a FIRST submission of items conceming a filing under 35 U.S.C. 371 . 
2.1 □ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371. 

3. El This is an express request to begin national examination procedures (35 U.S.C. 371 (f) at any time rather than delay 

examination until the expiration of the applicable time limit set in 35 U.S.C. 371 (b) and PCT Articles 22 and 39(1 ). 

4. □ A proper Demand for International Preliminary Examination was made by the 1 9* month 

from the earliest claimed priority date, 

5|:3 A copy of the International Application as filed (35 U.S.C. 371(c)(2)). 

si a- H is transmitted herewith (required only if not transmitted by the International Bureau). 
!L- b. □ has been transmitted by the International Bureau. 

Ip c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 

Q^i □ A translation of the International Application into English (35 U.S.C. 371 (c)(2)). 

□ Amendments to the claims of the International Application under PCT Article 1 9 (35 U.S.C. 371 (c)(3)). 

■■s a. □ are transmitted herewith (required only if not transmitted by the International Bureau). 

C:l b. □ have been transmitted by the International Bureau. 

In c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

= ]l d. □ have not been made and will not be made. 

£13 □ A translation of the amendments to the claims under PCT Article 19 (U.S.C. 371(c)(3)). 

m M An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 

1 0. □ A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 

(35 U.S.C. 371(c)(5)). 

Items 11. To 16. Below concern document(s) or information Included: 

11. S An Information Disclosure Statement under 37 C.F.R. 1 .97 and 1 .98. 

12. ^ An assignment document for recording. A separate cover sheet in compliance with 

37 C.F.R. 3.28 and 3.31 is included. 

13. Kl A FIRST preliminary amendment 

^ □ A SECOND or SUBSEQUENT preliminary amendment. 

14. D A substitute specification. 

1 5. □ A change of power of attorney and/or address letter. 

16. El Other items or information. Copy of PCT Request 
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540-204 



Unknown 



INTERNATIONAL APPLICATION NO. 
PCT/GBOO/01998 



1 7. ^ The following fees are submitted: 



CALXXJIATTONS PTO USE ONLY 



BASIC NATIONAL FEE (37 C.F.R. 1.492(a){1)-(5): 

-- Neither international preliminary examination fee (37 C.F.R. 1 .482) 

nor international search fee (37 C.F.R. 1 .445(a)(2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO $970.00 

-- International preliminary examination fee (37 C.F.R. 1 .482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO $840.00 

-- International preliminary examination fee (37 C.F.R. 1 .482) not paid to USPTO 

but international search fee (37 C.F.R. 1.445(a)(2) paid to USPTO $690.00 

- International preliminary examination fee paid to USPTO (37 C.F.R. 1 .482) 

but all claims did not satisfy provisions of PCT Article 33(1 )-(4) $670.00 

-- International preliminary examination fee paid to USPTO (37 C.F.R. 1 .482) 

and all claims satisfied provisions of PCT Article 33(1 )-(4) $96.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



Surcharge of $1 30.00 for furnishing the oath or declaration later than □ 20 
months from the earliest claimed priority date (37 C.F.R. 1.492(e)). 



□ 30 



NUMBER FILED 



NUMBER EXTRA 



Total Claims 



Independent Claims 



MULTIPLE DEPENDENT CLAIMS(S) (if applicable) 



TOTAL OF ABOVE CALCULATIONS = 



filiduction by for filing by small entity, if applicable. A Small Entity Statement 
Efjist also be filed (Note 37 C.F.R. 1 .9, 1 .27, 1 .28). 



Pjpcessing fee of $130.00, for furnishing the English Translation later than □ 20 □ 30 
ifgnths from the earliest claimed priority date (37 C.F.R. 1 .492(f)). 



TOTAL NATIONAL FEE = 



Fie for recording the enclosed assignment (37 C.F.R. 1.21(h)). The assignment must be 
aScompanied by an appropriate cover sheet (37 C.F.R. 3.28, 3.31). $40.00 per property 



lie for Petition to Revive Unintentionally Abandoned Application ($1210.00 - Small Entity = $605.00) 



TOTAL FEES ENCLOSED = 



Amount to be: 
refunded 



Charged 



_ to cover the above fees. A duplicate copy of this 



a?f Kl A check in the amount of $880.00 to cover the above fees is enclosed. 
§3 □ Please charge my Deposit Account No. 14-1140 in the amount of $_ 
O form is enclosed. 

c. " S The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment to 

Deposit Account No. 14-1 140 . A duplicate copy of this form is enclosed. 

d. S The entire content of the foreign application(s), referred to in this application is/are hereby incorporated by reference in this 

application. 

NOTE: Where an appropriate time limit under 37 C.F.R. 1.494 or 1.495 has not been mej^ petitionto revive (37 C.F.R. 
1 .1 37(a) or (b)) must be filed and granted to restore the application to pendiiws^tus. 
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NIXON & VANDERHYE P.C. 
1 100 North Glebe Road, 8* Floor 
Arlington, Virginia 22201 
Telephone: (703) 816-4000 




Stanley C. Spooner 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 

TIGHEetal Atty. Ref.: 540-204 

Serial No. Unknown Group: 
National Phase of PCT/GBOO/01998 
Filed: June 30, 2000 Examiner: 

For: AIRCRAFT STRUCTURE FATIGUE ALLEVIATION 

June 30, 2000 

Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 

PRELIMINARY AMENDMENT 

Prior to calculation of the filing fee and in order to place the above identified 
application in better condition for examination, please amend the claims as follows: 
IN THE CLAIMS 

Claims 4, 5 and 7, line 1 of each, delete "any preceding" and after claim insert 

-- 1 --. 

Claim 6, line 1 , delete "any of claims 1 to 4" and insert -- claim 1 --. 
Claim 8, lines 1 and 2, delete "any one of the preceding claims" and insert 
- claim 1 --. 

REMARKS 

The above amendments are made to place the claims in a more traditional 
format. 

Respectfully subni^tted, 
NIXON & VANO^^I^YgJX;^ 



SCS:lmy 

11 00 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 
Telephone: (703) 816-4000 
Facsimile: (703)816-4100 
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AIRCRAFT STRUCTURE FATIGUE ALLEVIATION 
This invention relates to fatigue alleviation in aircraft during all phases of the 
ground-air-ground cycle (GAG). 

Due to an increased demand for international air travel and in air traffic 
generally, there is a recognised need to increase the size and efficiency of both 
passenger and transporter aircraft. Customers also desiee the capability to fly long 
distances at economical cost As well as the physical size of the aircraft itself, the 
engineer has to consider the additional passenger and/or cargo weight to be carried 
by the craft and the quantity of fuel necessary to take the loaded craft safely to its 
destination. 

A limiting factor in the design of such aircraft is the strength of the materials 
used, including those of the wing. For all commercial aircraft there are two 
fundamental design drivers which have to be met. Firstly there are the ultimate load 
cases; a once-only application of extremely high loading applied during abnormal 
conditions. There are a large number of these possible conditions and the aircraft is 
designed to withstand any which are foreseeable and then continue in safe flight and 
land safely. The aircraft may then be scrapped or require major repair. Secondly 
during all stages of the ground-air-ground (GAG) cycle, the wing is subjected cyclic 
loading conditions which cumulatively, overtime, lead to the formation and then 
propagation of micro cracks and may ultimately appear as detectable cracks which 
require repair or maintenance to the aircraft. During cruise, the wings support the 
weight of the aircraft and bend upwards, whilst on the ground the wings are 
supported by the landing gear and possibly fuselage and thus bend downwards. The 
wings have to be designed to tolerate the damage caused by this cyclic loading to 
ensure structural integrity for the life of the aircraft. Today's technology allows 
accurate analysis of the large number of load cases that constitute the ultimate 
conditions; this allows the conservatisms of yesterdays designs to be reduced, 
leading to more economic aircraft to operate. The effect of this is that modern aircraft 
are increasingly defined by the cyclic loading conditions so it is evermore important to 
find ways to reduce the loading due to the GAG cycle. One approach is to find new 
ways of using the fuel weight to greater benefit. 

Typically large aircraft are equipped with a number of fuel tanks positioned in 
their wings, the fuselage and tail area. Engine feed tanks are positioned near to the 
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engines ensure a continuous supply of fuel to those engines, otiier tanks acts as 
reserves, storing fuel for transfer to the feed tanks as the feed tank supplies are 
burned. During flight, as the engine feed tanks begin to empty, a control system 
detects the reduction in fuel level and, once a predetermined level is recorded, 
causes fuel from the reserve tanks to be transferred to the feed tanks so that there is 
no interruption in the fuel supply to the engines. 

The tankage is the total fuel capacity of the aircraft that is required for the 
aircraft to achieve its maximum payload range. However a typical flight is much 
shorter than the maximum so the available fuel tanks are not all filled. This allows a 
degree of flexibility regarding the positioning of fuel during the flight. 

Conventionally, prior to take off, the outermost wing tank is full in anticipation 
of providing maximum wing bending relief once the aircraft has lifted-off. 
Unfortunately this also maximises damage to the wing during pre-flight taxiing and 
the take-off run. This invention seeks to alleviate this problem. 

The present invention seeks to alleviate these problems and provide improved 
fatigue alleviation during the GAG cycle. 

In accordance with the present invention there is provided a fuel transfer 
apparatus for an aircraft comprising: 

two or more fuel tanks arranged in an inboard to outboard alignment, at least 

one being situated in the wing of the aircraft, 

means for transferring fuel between the tanks, and 

a fuel management system for controlling and monitoring the transfer of fuel 
between tanks 
wherein the fuel management system comprises; 

means for receiving a first input signal that the aircraft has left the ground, 
means for receiving a second input signal that the aircraft is approaching its 
destination, 

means for initiating the transfer of the fuel from a relatively inboard tank 
location to a relatively outboard tank location in response to the first input 
signal, and 
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means for initiating the transfer of tlie fuel from the relatively outboard tank 
location to a relatively inboard tank location in response to the second input 
signal. 

This invention takes advantage of the fact that the aircraft is rarely fuelled for 
its maximum range to reduce the loading on the wing and centre section and hence 
their structure weight during the GAG cycle. 

For a typical flight {which is likely to be only half the maximum range) the wing 
tanks will be filled from the root. This minimises wing damage during taxiing and the 
take-off run. Immediately the aircraft is airborne fuel will be then pumped outboard in 
the wing until it is as far outboard as possible leaving just the minimum fuel in the 
engine feed tanks. These feed tanks are continuously replenished during flight. As 
with current aircraft the outermost wing tanks will be emptied during descent, such 
that on landing these tanks are empty. 

The optimum position for the fuel centre of gravity in an aircraft varies during 
the GAG cycle. During cruise, it is desirable to have the fuel centre of gravity as far 
outboard as possible to maximise wing bending relief for upward bending. At take-off 
and landing it is beneficial to have the fuel centre of gravity as far inboard as possible 
to minimise wing downward bending. Commonly, long range aircraft are operated 
below their maximum range capacity and therefore do not require all fuel tanks to be 
full at take off. This invention uses this fact to the advantage of the aircraft operator to 
minimise the effects of dynamic, cyclic loading caused by repeated GAG operation, 
consequently minimising downtime and maintenance costs and thus providing for 
more economical operation of the aircraft over a period of time. 

By actively controlling the distribution of the fuel between the available tanks 
during the whole of the GAG cycle, the long term fatigue effect of the cyclic loading 
on the wings can be significantly reduced without the need to compensate by 
strengthening and reinforcing the wing structure with additional materials. 

Benefits of this apparatus are particularly apparent in large, long range aircraft 
where wing structure weight savings of up to a tonne can be achieved providing a 
take-off weight saving of up to 2 tonnes per aircraft. It can be appreciated that by 
incorporating this apparatus, significant cost savings can be made both in 
manufacturing and operating costs for such aircraft. 
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In addition, less fuel may be needed for a given flight distance, reducing 
environmental pollution caused by bi-products of spent fuel. 

Desirably the fuel management system is computerised and comprises a 
computer algorithm designed to respond to the various input signals and initiate the 
fuel transfer in the desired sequence. Optionally the computer algorithm can be 
specific to a particular flight path. A fuel management system may comprise a 
computer program which provides the flight crew with optional fuel management 
algorithms based on factors such as the flight path to be taken, the number of 
passengers and/or quantity of cargo to be carried, the overall quantity of fuel taken 
on board prior to departure, weather conditions, etc. 

Conveniently, as means for responding to the first signal, the fuel 
management system can be programmed to respond to the signal conventionally 
sent to the flight control system of an aircraft when the gear wheels have left the 
ground to initiate retraction. 

The fuel management system can be further programmed to respond to a 
second input signal that the aircraft has descended to a certain altitude on its 
approach to land. Alternatively a signal may be relayed between the flight control 
program and the fuel management system when a certain point on a pre- 
programmed flight path has been reached. 

Desirably, the fuel management system will have manual override facility to 
enable flight crew to adapt to unforeseen circumstances. 

Optionally during flight, the fuel management system may be programmed to 
transfer fuel between tanks in response to various stimuli, for instance a signal may 
be transmitted to the fuel management system to indicate increased or decreased 
activity of individual engines. As an additional safety feature, the fuel management 
system could be made to respond to detection of a leak in a particular tank, or 
unfavourable ambient conditions such as extremes of temperature which may affect 
the fuels properties. 

The invention is further described, by way of example only, with reference to 
the drawing which illustrates a sample fuel tank layout for a large, long range 
passenger aircraft. 
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The drawing shows the distribution of tanl<s between the fuselage and one 
wing of an aircraft, the reader will appreciate that the principle can be extended to the 
second wing of the aircraft and that more or fewer tanks may be used, taking account 
of the size and fuel requirements of the aircraft in question. The wing (1 ) comprises 4 
fuel tanks, an inner engine feed tank (2), an inner transfer tank (3), an outer engine 
feed tank (4) and an outer transfer tank (5). A further fuel tank, the centre tank (6) is 
located in the fuselage (7). Each of the tanks is connected to a fuel line (8) in which, 
between it and each tank, is located a two way valve (9). The fuel management 
system not shown co-ordinates the following fuel transfer operation during the GAG 
cycle. 

Prior to taxi and in the run up to take off, each of the engine feed tanks (2, 4) 
retains a minimum safe level of fuel sufficient to operate the engines (not shown). 
Depending on the volume of fuel carried, the remaining fuel is pumped by the fuel 
management system into the centre tank (6) until this tank reaches its maximum 
capacity, remaining fuel is pumped to the inner feed tank (2) if that becomes full, the 
remainder is then pumped into the inner transfer tank (3) until that is full, and so on. 
Thus the fuel centre of gravity is retained as far inboard of the aircraft as possible. 

On take-off, the wheels of the aircraft are retracted into the body of the plane. 
As the wheel retraction process begins, a signal is sent to the fuel management 
system which then initiates transfer of fuel between the tanks as follows: 

Again a minimum safe level of fuel sufficient to operate the engines is retained 
in the engine feed tanks (2, 4). Fuel from the most inboard tanks (6, 2, 3) is carried 
through the fuel line (9) and transferred to the outer transfer tank (5) until it reaches 
its maximum capacity. Remaining fuel is transferred to the outer engine feed tank (4) 
until that tank reaches its maximum capacity. Any further remaining fuel is transferred 
or retained in the inner feed tank (2) and so on. Thus the fuel centre of gravity is 
repositioned to be as far outboard of the plane as possible. 

During the flight, the fuel management system continuously feeds the engine 
feed tanks from the most inboard source to maintain a relatively outboard position of 
the fuel centre of gravity. As the aircraft approaches its destination and begins its 
descent towards the landing field, a signal is sent to the fuel management system 
which initiates a re-transfer of the remaining fuel back towards the centre tank (6) in 
the fuselage and the inner most wing tanks (2, 3). 
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The skilled reader will appreciate that it is not essential that any fuel be carried 
in or transferred to the fuselage or tail area of an aircraft and that the invention can 
be effectively applied to aircraft where all fuel storage is provided along the length of 
the wings. 
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1 . A fuel transfer apparatus for an aircraft comprising: 

two or more fuel tanks (2,3,4,5,6) arranged in an inboard to outboard 
alignment, at least one being situated In a wing (1 ) of the aircraft, 
means for transferring fuel between the tanks (8, 9), and 
a fuel management system (10) for controlling and monitoring the transfer of 
fuel between tanks 
wherein the fuel management system comprises; 

means for receiving a first input signal that the aircraft has left the ground, 
means for receiving a second Input signal that the aircraft is approaching Its 
destination, 

means for initiating the transfer of the fuel from a relatively inboard tank 
location to a relatively outboard tank location in response to the first input 
signal, and 

means for Initiating the transfer of the fuel from a relatively outboard tank 
location to a relatively inboard tank location in response to the second input 
signal. 

2. A fuel transfer apparatus as claimed in claim 1 wherein the fuel management 
system (10) Is computerised and comprises a computer algorithm designed to 
respond to the various input signals and initiate the fuel transfer in the desired 
sequence. 

3. A fuel transfer apparatus as claimed in claim 2 wherein the computer algorithm is 
specific to a pre-programmed flight path for the aircraft. 

4. A fuel transfer apparatus as claimed in any preceding claim wherein the fuel 
management system (10) is programmed to respond to a first signal sent to the 
flight control system of the aircraft when the gear wheels have left the ground. 



5. A fuel transfer apparatus as claimed in any preceding claim wherein the fuel 
management system (10) is programmed to respond to a second input signal that 
the aircraft has descended to a certain altitude on its approach to land. 

6. A fuel transfer apparatus as claimed in any of claims 1 to 4 wherein a second 
input signal is relayed between the flight control program and the fuel 
management system (10) when a certain point on a pre-programmed flight path 
has been reached. 

7. A fuel transfer apparatus as claimed in any preceding claim wherein the fuel 
management system (10) will have manual override facility to enable flight crew to 
adapt to unforeseen circumstances. 

8. An aircraft comprising a fuel transfer apparatus as claimed in any one of the 
preceding claims. 
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AIRCRAFT STRUCTURE FATIGUE ALLEVIATION 

A fuel transfer apparatus for an aircraft comprises: 

two or more fuel tanks (2,3,4,5,6) arranged in an inboard to outboard 
alignment, at least one being situated in the wing (1 ) of the aircraft, 
means for transferring fuel between the tanks (8, 9), and 
a fuel management system (10) for controlling and monitoring the transfer of 
fuel between tanks 

the fuel management system comprises; 

means for receiving a first input signal that the aircraft has left the ground, 
means for receiving a second input signal that the aircraft is approaching its 
destination, 

means for initiating the transfer of the fuel from a relatively inboard tank 
location to a relatively outboard tank location in response to the first input 
signal, and 

means for Initiating the transfer of the fuel from a relatively outboard tank 
location to a relatively inboard tank location in response to the second input 
signal. 
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RULE 63 (37 C.F=.R. 1.63) 
DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 
. IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

As a below named inventor I hereby declare that my residence, post office address and citizenship are as stated below next to my name, and I 
Slieve I am ThToriS fi^ t and Vote inventor (if only one name is listed below) or an original, first and joint inventor (,f plural names are listed 

below) Of the subject matter Which Is claimed and ^"^^-^g^^Pg^;,^^^^^^^^^ 

the specification of which (check applicable box(s)): 

13 is attached hereto . ^. „ . , . , 

□ was filed on as U.S. Application Serial No. , . 

H was filed as PCT International application No. PCT/GBOO/01998 on 25/05/2000 

and (if applicable to U.S. or PCT application) was amended on , ^ _ 

I hPrPbv state that 1 have reviewed and understand the contents of the above identified specification, including the claims, as amended by any 
LSdm?nt SJd to aJo^^^^^^ the duty to disclose infomiation which is material to the patentability of this application m accordan^^^^ 

Mh 37 C F R 1 5I hereby claim foreign priority benefits under 35 U.S.C. 1 19/365 of any foreign application s) for patent or inventor s certificate 
Sed below and have also identified below any foreign application for patent or inventor's certificate having a filing date before that of the 
application on which priority is claimed or, if no priority is claimed, before the filing date of this application: 
Priority Foreign Applicatlon(s): 
Application Number 

9913032.0 55 ■ 

1 hereby claim the benefit under 35 U.S.C. §11 9(e) of any United States provisional application(s) listed below. 
Application Number Date/Month/Year Filed 



I herebv claim the benefit under 35 U.S.C. 120/365 of all prior United States and PCT international applications listed above or below and jnsofar 
^ife the subfect mattVr of each of the claims of this application is not disclosed in such prior applications in the manner provided by the first paragraph 
^ £ U ?C 112 facknSdge t^^^^^ disclose material information as defined in 37 C.F.R. 1.56 which occurred between the filing date of the 
■ grior applications and the national or PCT international filing date of this application: 

Status: patented 

rppnca?onll^r.ir°"^^' Day/Month/YearFlled pending, abandoned 



fi herebv declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed 
I i bL trL a?d furtSr hl^^^^^^^^ were made with the knowledge that willful false statements and the like so made are punishable by fine 

^SSSi^"^^^Sr section 1001 of Titte 18 of the United States O^anc^ha^chwillfi. 

^^ISS^^SS^i^SJ Sr^BK^chart G. Besha.22ZZ0^rk E^usbaum,.32348; IVIichael J. Keenan,^em^ryan H^^DavKlsoa 

S!Sy a SpooJ;-rSski Leonard C. MitcharcUiOQaJDuane M. Byers,ja363;^ul J. Henon f^fg^^^^^^^^'ll^'^. 
i=mi^J2aU9; H. Warren Bumam, >ic^a2£6; Thomas E. Byme,- 32205; Ma ry J. W.lsoa.^^. Scott Dav^soq,^4Sa-Alan M. Kagen^36178^ 
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Post Office Address: 
(Zip Code) 

Inventor's Signature: 
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Post Office Address: 
(Zip Code) 



UGHE— 
(last) 

Avon. United Kingdom 



6 Rushmoor Lane, Backwell, Bristol, Avon, 
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(last) 
(state/country) 



Avon, United Kingdom 
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